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IXNetwork — Multiprotocol Label Switching (MPLS) Test
Solution

MpoBepKa NOCTOAHHO pa3BuBatoLWMXcA TexHonornii MPLS n coBpemeHHbix VPN

OcHOBHble 0cobeHHOCTH

« [loBblWweHWe NPOMU3BOAUTENLHOCTU M yNPOLLEHWE ynpaBaeHna 61arogapa NOAHOMY TECTOBOMY
NMOKPbITUIO C UCMO/Ib30BAHMEM OAHOIO TECTOBOIO MHCTPYMEHTA.

« ObecneyeHune b6ecnepeboMHOro pasBepTbiBaHMA 33 CHET TECTUPOBAHUA CMeLaHHbIX VPN-TexHONOrni
ANA BOCMPOM3BEAEHMA PeaNbHOro pa3BepTbiBaHUA B 1abopaTopHOM cpeae.

« CBOEBpPEMEHHbDIV BbINMYCK Ka4eCTBEHHbIX MPOAYKTOB M ycayr bnaroaapsa cTpecc-TeCTMPOBaHMUIO B
peanbHOM MacliTabe ANnA NPOBEPKM NPOU3BOAUTENBHOCTU U CTAaBUABHOCTH.

+ MpoBepKa roToBHOCTM K IPV6 nyTem KBanndukaunum obmeHa mapwpytamu IPv6 1 goctaBku IPv6-
TpaduKa B cetn MPLS.

« CpaBHUTENbHAA OLEHKA K/OYEBbIX MOKa3aTee Npon3BoAUTENbHOCTU OBHaApYKEHMA OTKA30B U
CXOAMMOCTM C MOMOLLbIO TMBKUX AeNCTBUIA U AUHAMUYECKOro 06HOBIEHUA METOK.

3apaua: MPLS u passuBatowmecsa cCoBpeMeHHble NPpUIoXKeHUA TpebyloT NOCTOAHHOIo
TeCTUpOBaHUA

MPLS npeactasnset cobon maclitabrpyemyto, 6bICTPYHO U HE 3aBUCALLYIO OT MPOTOKOAA TPAHCMOPTHYHO
TEXHOI0TUI0, KOTOPas BbICTPO NPUobpena NONYAAPHOCTb, 3aMEHAA NPEXKHUE TEXHONOTUMU BblAENEHHbIX
JIHWWA ANA NpeaoCcTaBNeHUA rapaHTMPOBaHHbIX ycayr. MHOrve coBpemeHHble npunoxeHma MPLS, Takune
KaK pa3/inyHble CepBUCHI BUPTYanbHbIX YacTHbIx ceTel (VPN) u Traffic Engineering, o6ecneunnu
AOMNONHUTENbHbIE ycayrn B UHTepHeTe. o mepe pocTa NONyAApPHOCTM U LUMPOKOTO Pa3BepTbiBaHMA
TexHonornsa MPLS n npunoXeHna Ha ee OCHOBE NMOCTOAHHO Pa3BMBAOTCA A1 NOAAEPHKKM HOBbIX
TpeboBaHM U HOBbIX CLEEHapMEB UCMO/Ib30BaHMA. ITa TEHAEHUNA TPeOYET NOCTOAHHOIO TECTUPOBAHMA
nepes, BbIMyCKOM HOBbIX BEPCUIM NMPOAYKTOB W Pa3BepPTbIBAHMEM HOBbIX YCAYT, YTOObI 06ecneynTb
Tpebyemoe KavectBo 1 6ecnepeboiiHoe BHegpeHME.

PeweHue: KoMNaeKcHOe U MmacluTabupyemoe TectoBoe pelueHue A NPoBEPKU
pacwunpeHHbiX PyHKuuin MPLS

PeweHune Keysight IxNetwork ana tectuposaHmnsa MPLS obecneumBaeT MogennpoBaHUE Pas/INYHbIX
TexHonorunt MPLS 1 VPN, Bkatoyas LDP 1 RSVP-TE B KayecTBe NPOTOKOJIOB CUTHANM3ALUKN, PAa3/INYHbIE
coBpemeHHble VPN-TexHonorunu, Bratodas L2VPN, L3VPN, Multicast VPN u Ethernet VPN, a Takxke MPLS
OAM n MPLS Transport Profile (MPLS-TP).

PelweHune amynmpyeTt macwitabmnpyemblie cet MPLS VPN ana ctpecc-tectMpoBaHusa nepndepumnHbIX n
MarucTpanbHbIX YCTPOMCTB NpoBaliaepa B maclutabe NHTepHETa U B AMHAMUYECKMX YC/TIOBUSAX,
npeaocTaBnsaa rMbKOCTb M pacllMpeHHble onepaLmm A1a NPOBEPKM KaxKa0ro acnekTa peanbHbixX
NONb30BATENbCKUX CLEHApUeEB.
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PacwupeHHas amynaayusa monoaoauu MPLS VPN s IxNetwork

KnioueBble ocobeHHOCTU

IMynauma NnpoToKoN0B curHanmsaumm MPLS, Bkatodas LDP n RSVP-TE, gnsa nposepku 6a30BoiA
BO3MOXHOCTM ycTaHoBneHUA Label Switched Path (LSP) u TyHHenelt Traffic Engineering, a Takke
HbICTpOro nepekatoYeHmna Ha ocHose MPLS-MeTOK PUKCUPOBAHHOM A/IMHbI ANA BXOAHbIX, BbIXOAHbIX U
TpaH3uTHbIX Label Switched Router (LSR).

Pacwuperus LDP n RSVP-TE c noaaepxkont P2MP (Point-to-Multi-Point) LSP gna nposepku multicast-
[0CTaBKM C UCNOJsIb30BaHMeM TexHonormn MPLS.

Moaaeprkka pa3nmyHbix TexHonorui L2VPN, Bratodas pseudo wire u VPLS Ha ocHoBe LDP, VPLS Ha
ocHoBe BGP 1 BGP auto discovery ¢ FEC129.

IMynaumA pasMyHbIX KOMNoHeHToB ycTponcTs L3VPN, Bkatoyaa mapupyTtusatopsl Provider (P),
Provider Edge (PE) n Customer Edge (CE), ans npoBepKku cnocobHOCTN NoaaepXKmBaTb KPynHble
ak3emnasapbl VPN 6e3 yTeukn cepBUCOB U CHUMKEHUA NPON3BOANTENIbHOCTMU.

Mopaeprkka 6PE n 6VPE ana npoBepKu BO3MOXKHOCTEN IPV6.

MNopnnep*kka MPLSoUDP n MPLSOGRE B KauecTBe A0OMNO/HUTE/IbHbIX TUMOB TYHHENEeM 419 CepPBUCOB
L3VPN.

KombuHauma OSPF/ISIS, LDP/RSVP-TE u pacwmpenuii BGP ¢ noaaep kot VPN-cepsucos.
Amynauma nonHon VPN-Tononormm gnsa nposBepku cnocobHocTn mappytnsatopos PE n P
noaaepXmeatb coBpemeHHble VPN-TexHonornm.

MNoaaeprkka AMHAMMYECKOro 0OHOBEHMA METOK AN U3MepPeHUa 06HapyKeHMA OTKA30B U
cxoammocTtum B cetn MPLS.

Mopaepkka BGP Labeled Unicast ana nposepkn BapuaHTos L3 Inter-AS VPN.

Mopaneprkka BGP RT-Constraint ana nposepkn apdekTmBHoro obwvasneHna VPN-mapwpyTtos Route-
Reflector.

Imynauma Rosen draft Multicast VPN n NextGen Multicast VPN gna nposepku multicast-goctaBku B
VPN-ceTn ¢ ncnonb3oBaHMEM Pa3/IMYHbIX BAPMAHTOB TEXHONOTUN.

AMynauma pasnmyHbix mexaHnamor MPLS OAM ana TecTMpoBaHMA 06Hapy*KeHUA 0TKa3oB LSP u
ANArHOCTUYECKMX BO3MOXKHOCTEN YCTPOMCTB U ceTeit MPLS.
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A Keysight
Business

« Imynauma Ethernet VPN gna nposepku VPN-TeXHONOrMKU cnenytoLero NoKoeHus,
npegocTtasaatowen cepsucol L2 n L3 VPN ¢ ncnonb3oBaHMem e4NHOM TEXHONOMNK, YAYYLLIEHHOM
nogaeprkko multi-homing n 6onee onTummnsnpoBaHHoM multicast-goctaBkon.

« Imynaumsa MPLS-TP gnsa npoBepku cnocobHocTh TecTupyemoro yctpolictea (DUT) noanepxusaTb
MPLS-TP B KauecTBe TPAHCMOPTHOM TEXHONOTUN.

Cneuyudukaumm
LDP n mLDP

CraHpapThbl

CoobuweHus
npoToKkona

Mapamertpbl
KOoH}urypaumm LDP

e RFC 5036 — cneuundunkayma LDP

e RFC 3037 — npumeHumocTb LDP

e RFC 3215 — mawuHa coctoaHmn LDP

e RFC 3478 — graceful restart LDP

e RFC 7552 — o6bHoBneHua LDP ana IPv6

e draft-pdutta-mpls-ldp-v2-00 — LDP Bepcum 2

e RFC 7473 — ynpaBneHne 06bABNEHUAMM COCTOAHMA HECOrNAaCOBaHHbIX
npuaoxenui LDP

e RFC 6388 — pacwmpeHus Label Distribution Protocol ans P2MP 1 MP2MP
LSP

e RFC 6826 — BHYTPUMNONOCHAA CUrHANM3aumnAa Ha ocHoee mLDP gna P2MP u
MP2MP LSP

e Ob6HapykeHue (basic n extended)

e YcTaHOBNEHME ceaHca (aKTUBHAsA UM NaccMBHas PONb)
e O6bsaBneHus (label mapping n withdraw)

» YBegomneHus (fatal u advisory)

Pexxumbl OG'bSlB.ﬂEHMﬂ MEeTOK
e Downstream unsolicited
e Downstream on demand

Pexxnmbl yaepkaHUAa MeTOK
e | iberal
e Conservative

AyTeHTUdUMKaUUA
e NULL
e MD5

Talimepbl ceaHca
e HacTpanBaemble nHTepBasbl U hold time ana coobuieHnii hello n keep alive

MeTtKn

e Co3naHue, obbaBneHue n ot3biB 3anuceint FEC. 1nA n3y4yeHHbIX METOK

oTobpaxkatorca ceegeHus FEC, y3nbl n npocTpaHcTBa MeToK. K n3yyeHHbIM
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CraTuctuka LDP

Mapamertpbl
KoHdurypaumm
mLDP

A Keysight
Business

IXla

METKAM MOXKHO NPUMeHATb GUAbTPbI No NapameTpam FEC, yanam nau
NPOCTPaAHCTBAaM MeToK. MaclwTabmnpyemocTb MOXKHO YBEIMYUTD, 3a4aBas
COXpaHeHue ToNbKo onpeaeneHHbix FEC (explicit include) B pexxume

downstream unsolicited.

AwvarHoctuka

e Mpowealee Bpema (MUNNTUCEKYHAbI) ANA 0ObABAEHUA UM OT3bIBa 3aMMCeN

FEC, yBeAOMAEHUIN N OTNAA0YHbIX COOOLLEHWNI

 Basic session up

e Targeted session up

» Targeted session configured
e Established LSP ingress
e Established LSP egress
e Label abort TX/RX

e Label request TX/RX

e Label mapping TX/RX

e Label release TX/RX

e Label withdraw TX/RX

e Label notification TX/RX

Ownana3oHbl multicast leaf

e Root address

e Root address count

e Root address step

¢ LSP count per root

e Label value start

e Label value step

e Number of opaque value TLVs
e Number of traffic group ranges

Owvana3oHbl multicast root

* Root address

* Root address count

e Root address step

e LSP count per root

e Number of opaque value TLVs
e Number of traffic source ranges

Opaque TLV multicast leaf/root
e Type

e Length

* Value

¢ Increment
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Cratuctuka mLDP

RSVP-TE P2P u P2MP

CraHpapTbl

AwnanasoHbi traffic group
e |IPv4 | IPV6

e Group address

e Group count

AmnanasoHbi traffic source
e |IPv4 | IPV6

e Source address

e Source count per LSP
e Filter on group address

MN3yyeHHble meTKu P2P/P2MP
e Per port
e Per LDP session

 Established LSP ingress
 Established LSP egress

e Established P2MP LSP ingress
e Established P2MP LSP egress
e L abel abort Tx

e L abel abort Rx

e Label request Tx

e Label request Rx

e Label mapping Tx

e Label mapping Rx

e Label release Tx

e Label release Rx

e Label withdraw Tx

e Label withdraw Rx

e Label notification Tx

e Label notification Rx

IXla

e RFC 2205 — Resource ReSerVation Protocol (RSVP)
® RFC 2210 — ncnonb3oBaHue RSVP co cayxkbamum ynpasneHmsa QoS B pamKax

IETF integrated services framework

e RFC 2747 — kpuntorpadunyeckasn ayteHTudurKaumna RSVP
e RSVP 2961 — pacwmpeHuna ana ymeHblUeHMA HaknagHbix pacxonos RSVP

refresh

A Keysight
Business

e RFC 3097 — kpuntorpadunyeckasa ayteHTudmKaumna RSVP: obHoBneHHoe

3HauYeHue TMna coobLeHun

e RFC 3209 — RSVP-TE: pacwupeHus RSVP ans TyHHenen LSP
e RFC 4090 — pacwupeHus Fast Reroute ana RSVP-TE LSP-TyHHene
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® RFC 4875 — pacwwupeHnue RSVP-TE gna Point-to-Multipoint TE Label Switched
Paths (LSP)
® RFC 7746 — self-ping gna Label Switched Path (LSP)

ATpunbyTbl ceaHca

e |[P-agpeca ceaHca

e NHTepsan hello 1 MHOXUTeNb timeout

e inTepBan refresh

e Pexxum graceful restart helper c untepsanom hello u mHoxuTENEM timeout
e Pexxum graceful restart restarting c 06baBseMbIM BpemeHeMm restart
e daKkTUYecKoe Bpems restart

* Bpemsa recovery

® Bpems Havana restart u restart up time

* HayasibHOE M KOHEYHOE 3HAYeHME NPOCTPAHCTBA METOK

e Refresh reduction c HacTpanBaembim MHTEPBANOM

e BkatoueHue otnpasku bundle message u threshold timer

¢ [Monb3oBatenbckue hello TLV

AyteHTUdUKaUMA
e Anroputm ayteHTudmKaumum — None, HMAC-MD5, HMAC-SHA1, HMAC-
SHA256

BxoAaHble KOHEUYHble TOUKU
e Local IP u remote IP

e Tunnel ID u LSP ID

* iHTepBan refresh

e MHoxutenb timeout

Ingress ERO

» Enable/disable

e Prepend DUT to ERO

* Prefix length

e Number of ERO sub-objects
e Type and IP

* Prefix length

¢ AS

e Loose flag

Ingress/head SERO (gna P2MP)

e Enable/disable

e HayanbHbil IP-agpec leaf n konnyectso

e Cnncok sub-object B Buae IP nnm Homepa AS
e Strict/loose

e Append leaf to SERO
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S MeTooH IXia

e OtnpasKa Kak ERO nam SERO

Ingress RRO

e Enable/disable

¢ Number of RRO sub-objects
e Type and IP

e Protection available
e Protection in use

e Label

e C-type

 Global label

e Bandwidth protection
e Node protection

ATpubyT ingress-ceaHca

e [Tosie Name ¢uKcMpoBaHHOe nan auto-generated
e Setup and holding priorities

e Local protection required

e Label recording required

e SE style required

e Bandwidth protection required

* Node protection required

» Resource affinities and flags bits

Ingress TSpec

e Token bucket rate (Bps)

» Token bucket size (bytes)

e Peak data rate (Bps)

e Minimum policed unit (bytes)
e Maximum packet size (bytes)

Ingress fast reroute

e Enable/disable

e Setup and holding priorities

e Hop limit

e Bandwidth

e Exclude any/include any/include all
* One to one uawu facility backup

Ingress detour

e Enable/disable

e Number of detour sub-objects
*PLRID

¢ Avoid node ID
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CraTucTUKa

MNoBTOpHaA onTummsauma ingress path

e Enable path re-optimization

e Enable periodic re-evaluation request
¢ Re-evaluation request interval

Pe3epBHblii ingress LSP

e Backup LSP IP

* TSpec same as primary
e TSpec parameters

¢ ERO same as primary
e Enable ERO

e ERO parameters

BbIXOAHaﬂ KOHeYHaA TOUYKa
e Destination IP addresses
» Reservation confirmation flag

AvanasoH egress-meToK

IXla

A Keysight
Business

e [InanasoH no ymonyanumto: 1 000—100 000; BapraHTbl GUKCMPOBAHHOM

meTku: explicit null, router alert, IPv6 explicit null n implicit null

Egress RRO
* Reflect/don&#x27;t reflect
¢ |P addresses uau label numbers

Egress reservation
* MNopaepxkunsatotca ‘FF nan ‘SE’

Monb3oBaTtenbckue TLV egress
e Resv

e ResvTear

e PathErr

e Ingress LSPs configured
e Ingress LSPs up

e Egress LSPs up

e Paths TX/RX

e Path tears TX/RX

* RESVs TX/RX

¢ RESV-tears TX/RX

e Path-ERRs TX/RX

e RESV-ERRs TX/RX

* RESV lifetime expirations
* Path lifetime expirations
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U3yyeHHan
nHpopmaumsa

e RESV-CONFs TX/RX

e Egress out of order Msgs RX

e Hellos TX/RX

¢ ACKs TX/RX

¢ NACKs TX/RX

e SREFRESHs TX/RX

e Bundle messages TX/RX

e Paths with recovery-label TX/RX
e UnRecovered RESVs deleted

e Own graceful-restarts

» Peer graceful-restarts
CraTucTuKa, cneynduyHaa gna P2MP
e Ingress SubLSP configured

e Ingress SubLSPs up

e Egress SubLSP configured

e Egress SubLSPs up

e Down state count

e Path send state count

e Session type

e P2MP ID/session IP
e Tunnel ID

e Head end IP
«LSPID

e Current state

e Last flap reason

o Leaf IP

e P2MP sub-group ID
e Label type

e Label

¢ Reservation state

L2VPN LDP-based PW un VPLS

CraHpgapTbl

IXla

e RFC 4906 — nepepayva Kagpos Layer 2 nosepx MPLS

e draft-martini-ethernet-encap-mpls-01.txt
e draft-martini-ppp-hdic-encap-mpls-00.txt

e draft-ietf-pwe3-frame-relay-02.txt

e draft-martini-atm-encap-mpls-01.txt

e draft-malis-sonet-ces-mpls-05.txt

A Keysight
Business

e RFC 4762 — Virtual Private LAN Service (VPLS) ¢ ucnonb3osaHmem

curHanmsaumm Label Distribution Protocol (LDP)
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CurHanusauma L2
VPN

Amynupyembie VC

Mapametpbl VC FEC

Flapping

MeTKu

UHKancynauuum
amynmpyembix VC

AnarHoctuka

A Keysight
Business

PacwupeHHble LDP-ceccnn Martini discovery

Frame relay (Type 1), ATMAALS (Type 2), ATMXCell (Type 3), VLAN (Type 4) —
no ymonyanuio, Ethernet (Type 5), HDLC (Type 6), PPP (Type 7), circuit
emulation service over MPLS (CEM) — CEM (Type 8), ATMVCC (Type 9),
ATMVPC (Type A), VPLS (Type B)

O6wwme: peer, VC ID, description, label start u label increment mode. Ethernet:
MTU. ATM: ATM present, max # of ATM cells. CEM: CEM payload enabled, CEM
payload value, CEM option present enabled n CEM option value.

CeaHcbl, amynmpyemble rpynnbl Layer 2 n otaenbHble guanasoHbl VCFEC moryT
6bITb NepeBeaeHbl B coctosHMe flap no 3anpocy.

Co3paHue, ob6basneHune n ot3biB 3anucen VC FEC. [1na nsyvyeHHbIX METOK
oTobpaxkatorca ceegeHus VC FEC, peers 1 npocTpaHcTBa METOK. M3yyeHHble
meTkn VC FEC moxHO ¢punbTpoBaTb No aapecy peer, meTke, group ID, Tuny VC,
VC ID n onucaHuto nHTepdeica.

Ethernet, VLAN, AALS, frame relay

Mpowealwee Bpems (Mc) 4na ob6baBaeHUs UaK oT3biBa 3anucei FEC,
YBEAOMIEHUIM U OTNIAA04YHbIX COOBLLEHNIA.

L2VPN BGP-based VPLS/VPWS

CraHpgapTbl

L3VPN/6VPE

CraHpapTbl

Tunbl peer

Tun appeca

e RFC4761 — Virtual Private LAN Service (VPLS) c ncnonbsosaHnem BGP ans
auto-discovery u curHanmsaymm

® RFC6624 — Layer 2 Virtual Private Networks ¢ ucnonososaHvem BGP gns
auto-discovery u curHanmsaymm

* RFC 4364 — BGP/MPLS IP Virtual Private Networks (VPNs)

e RFC 4360 — aTpubyt BGP extended communities

® RFC 6286 — yHMKanbHbIN BGP identifier macwtaba aBTOHOMHOM cucTembl
ansa BGP-4

e RFC3107 — nepeHoc MHPopmaumm o meTkax B BGP-4

e RFC 7510 — uHkancynauma MPLS 8 UDP

e RFC 4023 — uHkancynauma MPLS B IP nnn GRE

BHyTpeHHMI BGP-ceaHc ¢ multi-protocol extensions (MP-iBGP)
e MapuwpyTbl VPN-IPv4 ¢ MPLS-meTKamu

Ten: +7 (495) 252-00-96

Email: info-site@akmetron.ru

Appec: Mocksa, yn. Pabouas, .93 cTp.2, noa. 2.


mailto:info-site@akmetron.ru

A Keysight
Business

S MeTooH IXia

e MapwpyTbl VPN-IPV6 ¢ MPLS-meTkamu

Route e Type—ASN: ASN u assigned number

Distinguisher (RD) | « Type—IP: IP address u assigned number
e JlokanbHaa unu rnobanbHas YacTb RD MOXKeT MHKPEMEHTUPOBATLCA BHYTPU
3anucu guanasoHa VPN-maplpyTos

Route Target (RT) @ e Type—ASN: ASN u assigned number
e Type—IP: IP address u assighed number
° IMyAmMpyemomy site MoXHO Ha3HAYNTb HECKONbKO RT

Flapping VPN-mapLpyTbl, sites n ceaHcbl MoryT 6biTb NepeBeeHbl B cocToAHue flap no
3anpocy. [lns Bcel 3anmcu ananasoHa VPN-mapLipyToB Man gna YacTUYHOTo
Habopa MapLIPyTOB MOXKHO HacTpouTb timed flapping (MHTepBanbl BpemeHM
up n down).

Staggered start Heckonbko BGP peer sessions MOXHO 3anycKkaTb O4HOBPEMEHHO UK
CTYMeHYaTo B TeYEHWE Cepun BPeMeHHbIX MHTepPBaOoB.

Graceful Restart IPv4 L3VPN (AFI/SAFI 1/128)

(GR) IPv6 L3VPN (AFI/SAFI 2/128)
NGMVPN
CraHAapTbl * RFC 6514 — BGP encodings and procedures for multicast in

MPLS/BGP IP VPNs
BGP LU (Labelled Unicast)

CraHaapTbl e RFC 3107 — Carrying label information in BGP-4
e RFC 8277 — Using BGP to bind MPLS labels to address prefixes
* RFC 8092 — BGP large communities attribute

BO3MOKHOCTU e Labeled Unicast IPv4
¢ Labeled Unicast IPv6
e Multiple labels capability

Mapamertp AwvanasoH BGP IP-mapwpyToB
KoHUrypaumum e Number of labels

e Label start

e Label end

e Label step
MU3yueHHan ¢ |Pv4 prefix/IPv6 prefix
nHdopmauma « Prefix length

e Labels
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MPLS OAM

CraHpgapTbl

Mapamertpbl
npoToKona

CraTUCTUKa

EVPN/PBB-EVPN

CraHpapThbl

Bo3amorKHOCTU

A Keysight
Business

¢ [Pv4 next hop
e [Pv6 next hop

® RFC 4379 — obHapyrKeHne 0TKa30B NA0CKOCTM AaHHbix Multi-Protocol Label
Switched (MPLS)

* RFC 5884 — Bidirectional Forwarding Detection (BFD) ana MPLS Label
Switched Paths (LSPs)

* RFC 5085 — Pseudo wire Virtual Circuit Connectivity Verification (VCCV):
KaHan ynpasneHus ana Pseudo wires

* RFC 5885 — Bidirectional Forwarding Detection (BFD) ans Pseudo wire
Virtual Circuit Connectivity Verification (VCCV)

e ABTOMaTMyecku cornacyembiit CC/CV type LDP

® Bbibop perxxkuma MPLS echo reply

e [Mapametp MPLS OAM CC/CV

e [TapameTp LSP Ping: on-demand nnu periodic

¢ [TapameTp UHTepBana BFD

e LSP ping request, LSP ping reply n LSP BFD MOHO BK/t04aTb HE33aBUCMMO
¢ VCCV ping n VCCV BFD moryT paboTtaTtb OTAeNbHO UAM O4HOBPEMEHHO

e OTKpbITble NapameTpbl Ansa coobuieHni LSP ping n Traceroute

e BFD session count

e BFD up-sessions

* BFD sessions flap count
* BFD PDU Tx

e BFD PDU Rx

¢ LSP ping request Tx

¢ LSP ping request Rx

e LSP ping reply Tx

* LSP ping reply Rx

e RFC 7432 — EVPN

e RFC 7623 — PBB-EVPN

e draft-ietf-bess-evpn-overlay-01

* RFC 9135

e RFC5512

e draft-ietf-bess-evpn-vpws-07

» draft-sajassi-bess-evpn-vpws-fxc-01

« AFI = 25 (L2VPN)
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Tun mapuwpyTta

Extended
community

®dyHKUMKn multi-
homing

Mepecbinka BUM-
TpadukKa

MPLS-TP

CraHgapTbl

A Keysight
Business

« SAFI 70 (EVPN)

* Type 1 — Ethernet Auto-Discovery (A-D) route
e Type 2 — MAC/IP advertisement route

* Type 3 — Inclusive multicast Ethernet tag route
* Type 4 — Ethernet segment route

e Type 5 — IP prefix route function

e ESI label extended community

e ES import route target

* MAC mobility extended community

e Default gateway extended community

* BGP encapsulation extended community
e Router MAC extended community

e Layer 2 attributes extended community

e All-active Ethernet segment

e Single-active Ethernet segment
e Fast convergence

 Split horizon

e Aliasing and back-up path

e Designated forwarder election

e Ingress replication
e RSVP-TE P2MP (Tonbko MPLS data plane)
e mLDP P2MP (tonbko MPLS data plane)

® RFC 5654 — tpeboBaHuna K MPLS transport profile

e RFC 5860 — TpeboBaHua K Operations, Administration, and Maintenance
(OAM) B TpaHcNoOpTHbIX ceTax MPLS

® RFC 5921 — framework ana MPLS B TpaHCNOPTHbIX CETAX

e RFC 6435 — Operations, Administration and Maintenance framework ans
TPaHCMOPTHbIX ceTel Ha ocHoBe MPLS

e RFC 5586 — MPLS generic associated channel

e draft-bhh-mpls-tp-oam-y1731-06 — MPLS-TP OAM Ha ocHose Y.1731

e RFC 6428 — proactive connectivity verification, continuity check n remote
defect indication gna MPLS transport profile

e RFC 6426 — MPLS on-demand connectivity verification u route tracing

* RFC 6427 — MPLS fault management OAM

* RFC 6378 — MPLS-TP linear protection

e RFC 6374 — namepeHune notepb NAKETOB M 3a4ep*KKKN B ceTax MPLS
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e RFC 6375 — M3mepeHune NoTepb NaKeToB U 3aaepKKn ana MPLS transport

profile
Mapamertpbl ® Bbibop ponu DUT (ingress, egress unwm transit)
npoToKona e Pacwwupenna Y.1731 nam BFD ana nogaepkkn MPLS-TP nosepx

nHKkancynauun G-ACh/GAL

e OaHO- Uan aByHanpasaeHHbin 1:1 nam 1+1 APS

e KomaHAb! pyyHoro nepekntoyeHna APS

e MalumnHa coctosaHuin PSC

e OAM CC Ha Bcex MHTepBanax, Bkatovasa 3,33 mc

e LSP nnn PW ana paboyero v 3alinLLaemoro nytm

¢ |CC- naun IP-based MEP/MEG ID

e Traffic Wizard gns reHepaunn Tpaduka ot Traffic Source nnu LSP/PW ana
tmnos IP / L2 Ethernet

e YnpasneHune APS noBepx TpaduKa; nogaepKa revertive operation
e Automation API

CTaTucTuka e CC-Up
e CC-Dn
e CV-Up
e CV-Down
e CC-BFD Rx
e CC-BFD Tx
e CC-CV-BFD Rx
e CC-CV-BFD Tx
* RDI-BFD-Rx
e RDI-BFD-Tx
e CV-LspPing-Rx
e CV-LspPing-Tx
e Successful protection switches
e Failed protection switches
* Reverts
e DM-MPLS-TP-Delay Tx
e DM-MPLS-TP-Delay Rx
e LM-MPLS-TP-Loss Tx
e LM-MPLS-TP-Loss Rx
e CC-CV-CCM Rx
e CC-CV-CCM Tx
e CV-LBM-Rx
e CV-LBM-Tx
¢ RDI-CCM-Rx
¢ RDI-CCM-Tx
e AIS-Y1731-Rx
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e AIS-Y1731-TP-Tx

e LCK-Y1731-Rx

e LCK-Y1731-Tx

* DM-Y1731-1DM Tx
e DM-Y1731-1DM Rx
e DM-Y1731-DMM Tx
e DM-Y1731-DMM Rx
e DM-Y1731-DMR Tx
* DM-Y1731-DMR Rx
e LM-Y1731-LMM Tx
e LM-Y1731-LMM RXx
e LM-Y1731-LMR Tx
e LM-Y1731-LMR Rx

BapuaHTtbl nnatpopm

BupTtyanbHas ¢ IXNetwork Virtual Edition (VE)
nnarpopma
LWaccu e XGS12-HSL/SDL/SD

e XGS2-HSL/SDL/SD

®duKcupoBaHHble e AresONE-M 800GE QSFP-DD800
waccu e AresONE-M 800GE OSFP800
e AresONE-M 800GE Dual Interface Model
e AresONE-S 400G QSFP-DD
* AresONE 400G QSFP-DD
¢ AresONE 400G OSFP
e AresONE 400G High Performance QSFP-DD 400/200/100/50GE
e NOVUS ONE PLUS 3- and 5-Speed 10GE/5GE/2.5GE/1GE/100M

AnnnaiaHcbl * NOVUS ONE 10GE/1GE/100M
Harpy3ouHble * K400 QSFP-DD 400/200/100/50GE
moaynu * K400 CFP8 400GE

* NOVUS High Density QSFP28 100/50/40/25/10GE

e NOVUS High Density SFP28/QSFP28 100/50/25/10GE
e NOVUS 3-Speed 10GE/1GE/100M

e NOVUS 5-Speed 10GE/5GE/2.5GE/1GE/100M

¢ Xcellon-Multis QSFP28 100/50/25GE

¢ Xcellon-Multis CFP4 100GE

¢ Xcellon-Multis CXP 100/40/10GE

¢ Xcellon-Multis QSFP 40/10GE

¢ Xcellon-Lava CFP 100/40GE
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 Xcellon-Flex QSFP/SFP+ 40/10GE

MpumeuaHume: MPLS-TP He noaaepXMBaeTCca Ha CaeayoWmx Harpy30o4HbIX MOAYNAX:

- IxNetwork Virtual Edition (VE)
« Xcellon-Multis 10GE reduced
- Xcellon-Multis 4x10GE/8x10GE

TexHonornueckue peweHus IxNetwork

+ IxNetwork Overview — TecTMpoBaHue NPON3BOANTENBLHOCTU CETEBOU MHbPACTPYKTYpbI L2/3
+ IxNetwork Software Defined Networking (SDN) Test Solution

+ IXxNetwork Routing and Switching Test Solution

+ IxNetwork MPLS Test Solution

+ IXxNetwork Industrial Ethernet Test Solution

+ IxNetwork Broadband and Authentication Test Solution

+ IxNetwork Data Center Ethernet Test Solution

+ IxNetwork MACsec Test Solution

UHdpopmauma ana 3akasa

MapTtHomep OnucaHue
Amynauma LDP n mLDP

930-2015 IXNetwork, gononHutensHoe MO, amynauma MPLS LDP, Bkntoyaa noaaepkky
Layer 2 MPLS VPN u VPLS; TPEBYET npeasaputensHo npuobpeTteHHoM 6a30B8oii
nnueHsun IxNetwork 930-1999 UJTN Hosoli nokynku IxNetwork Base PLUS (930-
2056) nnm IxNetwork Base PREMIUM (930-2076).

930-2052 IXNetwork, gononHutenbHoe MO, pacwunpeHne LDP ans nogaepkku FEC 129;
TPEBYET npeagapuTtenbHo npuobpeteHHoM 6a3oBoi anueH3sum IxNetwork 930-
1999 U/ HoBoi nokynku IxNetwork Base PLUS (930-2056) naun IxNetwork Base
PREMIUM (930-2076), 930-2005 BGP Emulation, 930-2006 BGP extension gns
noaaep>kkn MPLS L3VPN/L2VPN/VPLS, 930-2015 LDP Emulation.

930-2080 IXNetwork, gononHutensHoe MO, amynauma MPLS mLDP; TPEBYET
npeaBapuTenbHO NpuobpeTeHHoM 6a3oBoi anueH3nu IxXNetwork 930-1999 /TN
HoBoWM nokynku IxNetwork Base PLUS (930-2056) nnu IxNetwork Base PREMIUM
(930-2076), 930-2015 MPLS LDP Emulation.

930-2115 IXNetwork, amynauuna MPLS LDPv6, Bkntoyaa noagepkky Layer 2 MPLS VPN un
VPLS; TPEBYET npeasaputenbHo npuobpeTeHHoM 6a30B0M NNLIEH3UK
IXNetwork 930-1999 U/1U HoBo nokynku IxNetwork Base PLUS (930-2056) nam
IxXNetwork Base PREMIUM (930-2076).

Amynauma RSVP-TE P2P n P2MP

930-2014 IXNetwork, gononHutenbHoe MO, amynauma MPLS RSVP-TE; TPEBYET
npeaBapuTenbHO NpnobpeTteHHoM 6a3oBoi anueH3nu IxXNetwork 930-1999 U/A
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930-2036

3mynauma L2/L3 VPN

930-2006

930-2015

A Keysight
Business

OnucaHue

HoBoW nokynku IxNetwork Base PLUS (930-2056) unu IxNetwork Base PREMIUM
(930-2076).

IXNetwork, gononHutenbHoe MO, amynauma MPLS P2MP RSVP-TE; TPEBYET
npeaBapuTenbHo npuobpeTteHHon 6a3oBoi anueHsnm IxNetwork 930-1999 NN
HoBoWM nokynku IxXNetwork Base PLUS (930-2056) nnu IxNetwork Base PREMIUM
(930-2076), a Takxe 930-2014 MPLS RSVP-TE Emulation.

IXNetwork, gononHutensHoe MO, amynauma BGP4 ¢ gononHuTenbHom
noaaepkkon Layer 3 MPLS/VPN, VPLS 1 Multicast VPN; TPEBYET
npeaBapuTenbHo npuobpeteHHon 6a3osoi anueHsnm IxNetwork 930-1999 NN
HoBoWM nokynku IxXNetwork Base PLUS (930-2056) nnu IxNetwork Base PREMIUM
(930-2076), a Takke 930-2005 BGP4 Emulation.

IXNetwork, gononHutenbHoe MO, amynauma MPLS LDP, Bkatovaa noaaepky
Layer 2 MPLS VPN u VPLS; TPEBYET npeaBaputenbHo npruobpeTteHHon 6a30Boi
nmueHsumn IxXNetwork 930-1999 UM Hoolt nokynku IxNetwork Base PLUS (930-
2056) nan IxNetwork Base PREMIUM (930-2076).

AImynauua Multicast VPN

930-2004

930-2053

930-2081

IxNetwork, gononHutensHoe MO, amynauma Multicast, BKaroyan nogaepHKy
IGMPv1/v2/v3, MLDv1/v2, PIM-SM/SSMv4/v6 n Multicast VPN; TPEBYET
npeaBapuTenbHo npuobpeteHHon 6a3osoi anueHsnm IxNetwork 930-1999 NN
HoBow nokynku IxXNetwork Base PLUS (930-2056) nnu IxNetwork Base PREMIUM
(930-2076).

IXNetwork, gononHutenbHoe MO, pacwunperme BGP ana NG mVPN c RSVP-TE
P2MP; TPEBYET 930-2005 BGP Emulation, 930-2006 BGP extension ans
nopaep:kkn MPLS L3VPN/VPLS, 930-2014 RSVP-TE Emulation, 930-2036 RSVP-
TE P2MP Emulation; TPEBYET npeaBaputenbHo npnobpeteHHOM 6a3oBow
nnueHsun IxNetwork 930-1999 UJTN Hosoli nokynku IxNetwork Base PLUS (930-
2056) nan IxNetwork Base PREMIUM (930-2076).

IXNetwork, gononHutenbHoe MO, pacwmnpenma BGP gna NG mVPN ¢ mLDP;
TPEBYET npegBaputenbHo npuobpeTteHHoM 6a3oBoi anueHsum IxNetwork 930-
1999 U/ HoBoi nokynku IxNetwork Base PLUS (930-2056) naun IxNetwork Base
PREMIUM (930-2076), 930-2004 Multicast Emulation, 930-2015 MPLS LDP
Emulation, 930-2080 MPLS mLDP Emulation, 930-2005 BGP Emulation, 930-
2006 BGP extensions gns noaaep>kkn MPLS L3VPN/VPLS.
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Imynauua MPLS-TP
930-2061 IXNetwork, gononHutensHoe MO, amynauma MPLS-TP; TPEBYET nn6o 930-2032

Y.1731 protocol emulation, nn6o 930-2023 BFD protocol emulation; TPEBYET
npeaBapuTenbHo npuobpeTteHHon 6a3oBoi anueHsnm IxNetwork 930-1999 NN
HoBoWM nokynku IxXNetwork Base PLUS (930-2056) nnu IxNetwork Base PREMIUM
(930-2076).

930-2062 IXNetwork, gononHutensHoe MO, amynauma MPLS-TP APS Protocol State
Coordination; TPEBYET npeaBaputenbHo npuobpeteHHOM 6a30BOM NLEH3NN
IXNetwork 930-1999 UM HoBol nokynku IxNetwork Base PLUS (930-2056) nnm
IXNetwork Base PREMIUM (930-2076), a Takke 930-2061 MPLS-TP emulation.

AImynauua EVPN

930-2102 IXNetwork, gononHutenbHoe MO, pacwunpeHne BGP ana nogaepHKkn amynaumm
EVPN v PBB-EVPN; TPEBYET 930-2005 BGP Emulation 1 930-2006 BGP
Extension gns nogaep»kkn MPLS L3VPN/L2VPN/VPLS; TPEBYET
npeaBapuTenbHo npuobpeTteHHon 6a3oBoit anueHsnm IxNetwork 930-1999 NN
HoBoWM nokynku IxXNetwork Base PLUS (930-2056) nnu IxNetwork Base PREMIUM
(930-2076).

Amynauma MPLS-OAM

930-2094 IXNetwork, gononHutensHoe MO, MPLS OAM Ping u Traceroute; TPEBYET
npeaBapuTenbHo npuobpeteHHon 6a3osoi anueHsnm IxNetwork 930-1999 NN
HoBoW nokynku IxXNetwork Base PLUS (930-2056) nnu IxNetwork Base PREMIUM
(930-2076), a Takxke 930-2015 MPLS LDP Emulation nnm 930-2014 MPLS RSVP-
TE Emulation.

930-2095 IxXNetwork, aononHutensHoe MO, BFD over MPLS LSP; TPEBYET
npeaBapuTenbHO NpnobpeTeHHoM 6a3oBoi anueH3nu IxXNetwork 930-1999 U/N
HoBoWM nokynku IxXNetwork Base PLUS (930-2056) nnu IxNetwork Base PREMIUM
(930-2076), a Takxke 930-2020 BFD Emulation n 930-2015 MPLS LDP Emulation
nnu 930-2014 MPLS RSVP-TE Emulation.

930-2096 IXNetwork, gononHutenbsHoe MO, VCCV Ping n BFD VCCV; TPEBYET
npeaBapuTenbHO NpuobpeTeHHoM 6a3oBoi anueH3nu IxXNetwork 930-1999 U/IN
HoBoWM nokynku IxNetwork Base PLUS (930-2056) nnu IxNetwork Base PREMIUM
(930-2076), a Takke 930-2020 BFD Emulation, 930-2015 MPLS LDP Emulation
nnum 930-2014 MPLS RSVP-TE Emulation, n 930-2006 BGP Extension ana
nogaepkn BGP VPLS nnm 930-2052 LDP extension ana noggepxku FEC 129.
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930-2003

930-2057

930-2064

930-2512

A Keysight
Business

OnucaHue

IXNetwork, gononHuTenbHbIM NporpammHbii nakeT MPLS VPN; BkatoyaeT 930-
2006 Layer 3 MPLS/VPLS Support, 930-2014 RSVP-TE Emulation, 930-2015 LDP
Emulation; TPEEYET npegBaputenbHO NpuobpeTeHHo 6a30B0M NULEH3UN
IXNetwork 930-1999 UM HoBoit nokynku IxNetwork Base PLUS (930-2056) nam
IXNetwork Base PREMIUM (930-2076), a Takxe 930-2001 Optional Software
Bundle, IPv4 Routing Protocols; Bkntouaet Media Kit.

IXNetwork, 4ononHUTeNbHbIN NpOrpamMmmHbIv nakeT Basic MPLS Bundle (L2
VPN/VPLS, L3 VPN, Multicast VPN (draft-rosen)); BK/IKOYAET: 930-2001 IPv4
Routing Bundle, 930-2002 IPv6 Routing Bundle, 930-2003 MPLS VPN Bundle,
930-2004 Multicast Bundle; TPEBYET npegsaputenbHo npuobpeTeHHoM
6a3oBoit anueHsum IxNetwork 930-1999 U/IN HoBowM nokynku IxXNetwork Base
PLUS (930-2056) nnu IxNetwork Base PREMIUM (930-2076).

IXNetwork, gononHuTenbHbI NnporpammHbii naket MPLS-TP Bundle;
BK/TKOYAET: 930-2023 BFD emulation, 930-2032 ITU-T Y.1731 emulation, 930-
2061 MPLS-TP emulation, 930-2062 MPLS-TP APS emulation; TPEBYET
npeaBapuTenbHo npmnobpeTteHHon 6a3osor anueHsnm IxNetwork 930-1999 NN
HoBow nokynku IxXNetwork Base PLUS (930-2056) nnu IxNetwork Base PREMIUM
(930-2076).

IxNetwork Software Bundle MPLS-OAM, BFD-LSP u VCCV. Bkntoyaet: MPLS OAM
Ping&TR, BFD over MPLS LSP 1 VCCV Ping n BFD VCCV Emulation; TPEBYET
npeaBapuTenbHo npuobpeteHHon 6a3osoi anueHsnm IxNetwork 930-1999 NN
HoBoW nokynku IxXNetwork Base PLUS (930-2056) nnu IxNetwork Base PREMIUM
(930-2076).
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